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Introduction: During general anesthesia, arterial hypotension is frequent and may be an 
important contributor to peri-operative morbidity. We assessed the effect of a 5µg bolus of 
Norepinephrine (NA) when compared with 50 µg bolus of Phenylephrine (PE) administered to 
treat hypotension during maintenance anesthesia, on MAP, derived cardiac output and arterial 
stiffness parameters.  Methods: Patients scheduled for a neurosurgical procedure under general 
anesthesia were prospectively included. Monitoring included invasive blood pressure, esophageal 
Doppler and arterial tonometer used to estimate central aortic pressure with arterial stiffness 
parameters, such as augmentation index (Aix). After initial resuscitation, hypotensive episodes 
were corrected by a bolus administration of NA or PE in a peripheral venous line. Results: There 
were 269 bolus administrations of vasopressors (149 NA, 120 PE) in 47 patients with no adverse 
effects detected. A decrease in stroke volume (SV) was observed with PE compared with NA (-
18±9% vs -14±7%, p<0.001). This decrease was associated with an increase in Aix, which was 
greater for PE than for NA (+10±8% vs +6±6%, p<0.0001), and a decrease in total arterial 
compliance greater for PE compared to NA (Ctot=SV/Central Pulse Pressure) (-35±9% vs. -
29±10%, p<0.001). Discussion: This study suggests that 5 µg of NA administered as a bolus in a 
peripheral venous line could treat general-anesthesia-induced arterial hypotension with a smaller 
decrease in SV and arterial compliance when compared to PE. 
 






During general anesthesia, arterial hypotension is frequent and may be an important contributor 
to peri-operative morbidity
1-3
. Hypotension has multiple and intricate underlying mechanisms: 
vasoplegia due to sympatholysis
4
 and to a decrease in circulating catecholamines
5
 induced by 
anesthetic agents, hypovolemia and myocardial dysfunction. Current strategies for restoring 
perfusion pressure during general anesthesia are based on volume expansion and/or intravascular 
administration of vasopressors
6
. Vasopressive agents often combine vasoconstriction and direct 
or indirect myocardial effects, depending on the drug used
7
. In daily practice, ephedrine (EPH) is 
a very commonly used vasopressor. However, it can induce tachycardia and tachyphylaxis, and 
therefore, its cumulative dose is limited. Phenylephrine (PE) is widely used during anesthesia - 
often as a relay of EPH - but this “standard of care”, validated by practice, has been recently 
challenged. 8,9 Indeed, documented  physiological effects on cardiac output and left ventricular 
afterload may be detrimental, while some regional hemodynamic advantages remain advocated 
by some authors in particular settings (as critical aortic stenosis, decompensated tetralogy of 
Fallot, and hypotension during caesarean delivery). Moreover, PE may be responsible for 
bradycardia via baroreflex activation 
9
 and alteration of left ventricular function
10,11
. As recently 
suggested
12
, norepinephrine (NA) may represent a valuable alternative to PE to treat general 
anesthesia-induced hypotension. Indeed, Wuethrich et al showed that the intra-operative 
continuous infusion of low-dose NA in high-risk surgical patients could limit fluid infusion 
during major surgery
13,14
. Moreover, few studies suggest a beneficial effect of NA compared to 
PE to control hypotension induced by spinal anesthesia in patients having cesarean delivery
15
 and 
in patients with chronic pulmonary hypertension
16
. However, the question of the superiority of 
NA compared to PE to restore mean arterial pressure in daily clinical practice is still a matter of 
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debate with some controversial results. Indeed, a recent randomized controlled trial confirmed the 
possibilities to treat general anesthesia induced arterial hypotension with low dose of NA, but 
failed to show statistical difference between NA and PE in term of cardiac output, heart rate and 
tissue perfusion variations
17
. To our knowledge, none of those studies assessed the differential 
effect of those drugs on arterial stiffness or on ventricular-arterial coupling. 
Along with the expected increase in mean arterial pressure resulting from vasoconstriction, intra-
venous vasopressors may increase arterial stiffness, increase myocardial work and potentially 
decrease stroke volume and arterial compliance. These alterations in left ventricular arterial 
coupling could be associated with adverse outcomes
18-20
. Recently, noninvasive methods to 
quantify arterial stiffness have been developed. In particular, arterial tonometry has been used in 
many settings
21
, and many parameters have been derived to evaluate clinical repercussion of 
arterial stiffness
22,23
. The most commonly used parameters are augmentation pressure (AP) and 
augmentation index (Aix), which are measured after reconstruction of central wave pressure
22
 





cardiovascular risk factors and hypotensive drugs on arterial stiffness using such methods, and 
demonstrated the necessity of studying the central pressure rather than the peripheral pressure in 
this indication
20,28
. However, very few studies have analyzed the effect of intra-operative 
vasopressive agents on cardiac performance and arterial stiffness.  
The goal of this study was to compare effects of bolus of PE to low-dose NA administrated from 
a peripheral venous access on cardiac output and arterial stiffness when they are used to treat 
general-anesthesia-induced arterial hypotension.  Effects of vasopressors were compared in the 
presence of absence of cardiovascular risk factors. 
 




This prospective observational study included neurosurgical patients who were sedated under 
general anesthesia operated in supine position between February and July 2013 at Lariboisiere 
University Hospital (Paris, France). This study was approved by the Institutional Review Board 
of the Société de Réanimation de Langue Française (CE SRLF 11-356). Exclusion criteria were 
age <18 years, pregnancy and contraindication to the use of esophageal Doppler. Patients were 
assigned to one of two groups according to the number of cardiovascular risk factors they 
presented with. One group included patients who presented with 1 or no cardiovascular risk 
factor and was called the “Low CV risk” group, whereas the other group, called the “High CV 
risk” group, included patients who presented with at least 2 cardiovascular risk factors. Age >50 
years, treated arterial hypertension, current smoking, diabetes mellitus, dyslipidemia were 
considered as cardiovascular risk factors. A history of cardiovascular events or congestive heart 
failure directly classified in “High CV risk group”. 
 
Patient hemodynamic monitoring 
In our center, neurosurgical patients are monitored hemodynamically, combining invasive arterial 
pressure via a radial or femoral artery catheter, and cardiac output by trans-esophageal Doppler 
(EDCO). We used a device that allowed simultaneous recording of both invasive arterial pressure 
and cardiac output (CombiQ®, Deltex, Chichester, UK). 
In parallel, aortic arterial pressure was estimated by arterial tonometry (Sphygmocor®, Atcor 
Medical). This device is composed of a micro manometer-tipped probe that can be applied 
against radial arterial wall with sufficient pressure to plane the artery. This application creates a 
signal that approximates instantaneous transmural pressure. After initial calibration of the 
tonometer with invasive blood pressure values, a validated mathematical transfer function 
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provides an estimation of the central aortic pulse wave based on the radial signal 
29
. In the present 
study, the probe was applied on the controlateral radial artery of the invasive arterial line, 




Collected and calculated parameters  
 Systolic (SAP), diastolic (DAP) and mean (MAP) from the invasive arterial blood 
pressure. 
 Stroke volume (SV) and cardiac output (CO) from the esophageal Doppler.  
 Central pulse pressure (centralPP), augmentation pressure (AP) and augmentation index 
(Aix) from radial arterial tonometer (Fig 1 of ESM)  
 Total arterial compliance Ctot=SV/centralPP, were calculated.  
All these parameters were collected before the administration of vasopressors and at the peak 
effect on MAP. 
Study protocol  
All subjects were orally premedicated with hydroxyzine (1 mg.kg
-1
) 1 h before surgery. 
Anesthesia was inducted with propofol and remifentanil target-controlled infusion. Tracheal 
intubation was facilitated with atracurium 0.5 mg.kg
-1
, and mechanical ventilation with volume-
controlled mode was used with tidal volumes of 7 ml/kg
-1
, a positive end-expiratory pressure of 5 
cmH2O and a respiratory rate of 12-16 breaths min
-1
 to maintain an end-tidal CO2 of 
approximately 35 to 38 mm Hg. After induction of anesthesia, the patient was monitored with 
arterial line, EDCO probe and tonometer probe. In the present study, arterial hypotension was 
defined as a decrease in MAP equal to or over 20% of the usual MAP, which was defined as the 
MAP measured the day before surgery. 
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After induction of general anesthesia and before starting surgical procedure, anesthesia was 
maintained using target controlled infusions of propofol and remifentanil (target concentrations 5 
μ.ml−1 Marsh model and 5 ng.ml−1 Minto model, respectively). During this period, patients 
were resuscitated using fluid challenge of saline associated or not with boluses of ephedrine, 
while hemodynamic monitoring was placed into the patients. After this initial phase, according to 
our standard of care of our institution, intra-operative episodes of hypotension were treated by a 
vasoconstrictor bolus of 50 µg of PE 
11,31
 or 5 µg of NA based on physician’s choice. With the 
applied concentrations of PE and NA an equivalent effect on the MAP was expected from an 
equal infusion rate. 
17,32
 
 Vasopressors were administrated via a peripheral venous catheter. Adverse effects after 
vasopressors boluses, as severe hypertension (MAP>120 mmHg) or extra-vascular infusion, were 
collected. 
As each patient may have received several boluses of the two vasoconstrictors, only boluses 
administered to treat general anesthesia-induced arterial hypotension with following 
characteristics were analyzed: (1) stable hemodynamic state with no acute change of MAP or CO 
1 minute before bolus (2) no clear evidence of hypovolemia or acute hemorrhage, (3) no 
concomitant rapid fluid administration, (4) no change in respiratory or ventilator parameters or 
anesthesia infusion rate 3 minutes before or during bolus and (4) in case of multiple boluses in a 
short interval were administrated, we analyzed only the first bolus if the delay between the first 
and the second boluses was less than 5 minutes to try to eliminate the confounding factors such as 





The data are expressed as the median (interquartile range [IQR]) or a count and percentage. 
Patients’ characteristics were compared between the Low and High CV risk groups using 
Wilcoxon test (for continuous variables) or using Fisher’s exact test (for categorical variables). 
We also considered a predefined subgroup including only boluses, which succeed to correct 
hypotension within the predefined target-zone (increase from 10 to 30%). Comparisons were then 
conducted between PE and NA using Student’s t tests that were weighted by the number of 
measures obtained for each subject. Accordingly, for each individual, we summarized separately 
the effect of each drug by averaging the variation induced by the boluses. As the number of 
boluses varied from a patient to another, we used weighted methods to compare those average 
values, the weights were the number of measure per subject. A two-sided p value of 0.05 was 
considered significant. All statistical analyses were performed using R statistical software (The 




Seventy-seven patients were screened between February and July 2013. Thirty patients were 
excluded from the analysis due to the quality of the Doppler or tonometry recordings (n=28), or 
the absence of vasopressor administration (n=2). Finally, 47 patients were analyzed. 
The characteristics of the patients are described in Table 1. Seventy percent of the patients were 
ASA >1. The most prevalent comorbidities were active smoking, dyslipidemia and a history of 
treated hypertension. Twenty-two patients were classified as High CV risk patients, whereas 25 
were classified as Low CV risk patients. The neurosurgical procedures consisted of resection of 
cerebral tumors in 31 (66%) patients, resection of intra-cranial aneurysm in 4 (9%) patients, and 
spine surgery in supine position in 5 (11%) patients. During the initial resuscitation, 33 (70%) of 
the subjects received EPH with a median (interquartile range) dose of 9 mg [6 – 12].  
After the initial phase, all patients received a total of 269 bolus injections of vasopressors, 
including 149 of NA and 120 of PE. Forty three (91%) patients received both NA and PE, while 
2 patients received NA only and two PE only. No adverse effects, such as severe hypertension or 
extra-vascular infusion, were noted for any vasopressors during the study. Table 2 shows that 
boluses of 5 mcg of NA increased MAP by an average of 22±8%, which was a slightly lower 
than changes of MAP with boluses of 50 µg of PE (+25±7%; p=0.002). A more significant 
decrease in SV was observed with PE compared to NA (-18±9% vs -14±7%, p<0.001). PE-
induced decrease in SV was associated with a gradual increase in Aix and a decrease in Ctot, 
which was more pronounced for PE than for NA (+10±8% vs +6±6%, p<0.0001 for ΔAix; and -
35±9% vs -29±10%, p<0.001 for ΔCtot, respectively). Seventy-two percent of boluses corrected 
hypotension within the predefined target-zone (increase from 10 to 30%). When considering only 
those boluses (Table 2 and Figure 1), we observed for the same increase in MAP a more 
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prominent decrease in CO and in Ctot associated with a more prominent increase in Aix when 
using PE compared to NA.  
When the differential effect of NA and PE was tested according to the CV risk factors, our results 
confirmed that NA produced smaller decreases in SV, HR and CO than PE for the same increase 
in MAP in both Low and High CV risk patients (Table 3). In addition, arterial stiffness, as 
evaluated by centralPP and Ctot, seemed significantly more altered by PE compared to NA in High 
CV risk patients, whereas for Low CV risk patients’ arterial stiffness changes were similar 
between the two drugs (Table 3). Figure 2 of ESM depicted two actual cases illustrating the 
difference between a low and a high CV risk patients.  
We also duplicated all comparisons and performed sensitivity analyses in the subset of patients 
(n=43) who received at least one dose of each drug. The results obtained were similar to those 









Our results showed that a 5 µg NA bolus administered in a peripheral venous line treated 
general-anesthesia-induced arterial hypotension with the following benefits: i) an adequate target 
of a 20% increase in MAP with no adverse effect; ii) a better effect on ventricular afterload with 
a lower decrease in stroke volume and arterial compliance when compared to PE, and  iii) these 
effects were present in both High and Low CV risk patients, with probably a more pronounced 
beneficial effect in High risk patients. Thus, a low dose of NA could represent a highly 
conceivable alternative to treat general-anesthesia-induced arterial hypotension after the initial 
use of EPH. 
The cardiovascular tolerance of EPH is due to the pharmacodynamic properties of this 
drug. EPH causes endogenous catecholamine release, which is responsible for the effect on 
vasomotricity, but it also has chronotropic and inotropic effects, which improve myocardial 
functioning. This explains why EPH is used in the first attempt to treat hypotensive episodes in 
the operation room. However, tachyphylaxis inherent to this molecule limits the cumulative dose 
during long procedures. 
PE, which binds specifically with the arteriolar alpha 1 receptor, is responsible for 
intensive and isolated vasoconstriction. This might explain, as already described, the increase in 
left ventricular afterload and arterial stiffness, which caused the significant decreases in stroke 
volume and cardiac output observed in our study
10,33
. 
Concerning NA, inotropic and chronotropic effects have been described, along with 
vasoactive effects at very low doses
34,35
. In addition, NA causes an arterial and venous 
vasoconstriction, thus improving venous return and cardiac preload
36,37
. These effects could 
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explain the decreased effects of NA on cardiac afterload and cardiac output when compared to PE 
in our population. NA is commonly administered by continuous infusion and at higher doses 
during shock in the operating room or critical care unit. However, it was recently suggested that 
the intraoperative strategy of using a continuous low-dose infusion of NA could improve the 
prognosis of patients by reducing intraoperative fluid loading during major surgery
38
. A few 
studies have described the effect for bolus administration and compared to other vasopressors. 
Our study showed that the use of very diluted solutions of NA (5 µg/ml) could correct 
hypotension induced by general anesthesia, without complications and with less decrease of 
arterial compliance when compared to PE. Interestingly, in our study the increase in arterial 
rigidity induced by NA compared to PE seems to be lower mainly in High CV risk patients, 
whereas for Low CV risk patients’ arterial stiffness changes were similar between the two drugs 
(Table 3). We believe that those observed differences between low and high CV risk patients 
need to be confirmed in further large studies, but, a low dose of NA could represent a highly 
conceivable alternative after the initial use of EPH to treat general-anesthesia-induced arterial 
hypotension.  
Our results are consistent with those recently published by Ngan Kee et al 
15
. In this 
study, 104 patients were randomized to receive continuous infusion of either NA 5 µg/mL or PE 
100 µg/mL to maintain systolic blood pressure after spinal anesthesia for cesarean delivery. The 
authors observed that the use of NA was associated with greater heart rate and cardiac output 
compared with PE. As recently reported, the use of intermittent intravenous NA boluses to 
prevent spinal-induced hypotension was feasible and not observed to be associated with adverse 
outcomes 
39
. However, the evidence of the superiority of NA in this application is still a subject 
of debate. Indeed, a recent randomized controlled trial study found that NA was equivalent in 
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restoring MAP but inducing the same decrease in heart rate, cardiac output and even a more 
marked fall in tissue perfusion as compared with PE. 17 These support the use of NA to treat 
hypotension induced by anesthesia, but further studies are warranted to assess the superiority of 
NA versus PE on both central and regional perfusion, and in different populations, types of 
surgery and volemic conditions. Combined analyses of the effects of NA and PE on central 
hemodynamic and regional perfusion are needed in further investigation. 
Limitations of the study 
The present study has several limitations. (1) This was a non randomized unblinded 
prospective study which did not protocolize the use of vasoconstrictors. Thus, possible selection 
and performance bias cannot be excluded. (2) We chose to measure stroke volume using 
esophageal Doppler, which is not considered the gold standard technique
40
. Although significant, 
differences in SV variations found in the study were small and close of the errors of measurement 
(3) A large proportion of patients were excluded for a low quality or an inability in applying 
tonometry. This technique is used daily to evaluate and track patients with hypertensive disease, 
and its use requires training. This device, although already used in ICU patients 
30
, likely has to 
be adapted to detect hypotension and track the effect of vasopressors on aortic pressure. (4) Only 
bolus administration of vasopressors was considered in the present study, and PE and NA are 
commonly used by continuous perfusion. The pharmacokinetic properties are modified by the 
administration mode, and this could change the effects on arterial elastance and ventricular 
afterload. (5) Equivalent dose–effect between of 50 µg of PE compared to 5 µg of NA is not 
absolutely clear and may confound in the results because of the concentration –response curve of 
each drugs. However, when comparing the groups with the same increase in MAP, our results 
showed a favorable effect on cardiac output and arterial compliance when using NA compared to 
PE (6) In our study, patients were not severely preload-dependent at the time of vasopressor 
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administration because of the type of surgery and the standard of our care. As previously 
described, this might explain the significant deleterious effects on cardiac output generated by 
NA, and more importantly, by PE
41-43
. Further studies are needed to confirm these findings in 
other patient populations. 
 
Conclusion 
This preliminary study suggests that a 5 µg norepinephrine bolus administered in a peripheral 
venous line could safely treat general-anesthesia-induced arterial hypotension with a smaller 
decrease in stroke volume and a smaller increase in arterial stiffness when compared with 
phenylephrine. Thus, a low dose of norepinephrine could represent a highly conceivable 
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Table 1. Characteristics of the study subjects 
 All subjects  
(n=47) 
Low CV risk 
(n=25) 




Patient characteristics     
Gender (Male/Female) 19 (40) / 28 (60) 6 (24) / 19 (76) 13 (59) / 9 (41) 0.014 
Age (years) 53 [39-64] 41 [34-52] 64 [55-70] <0.001 
ASA score (n (%))    0.0093 
1 14 (30) 12 (48) 2 (9.1)  
2 25 (53) 10 (40) 15 (68.2)  
3 7 (15) 3 (12) 4 (18.2)  
4 1 (2) 0 (0) 1 (4.5)  
Comorbidities (n (%))     
History of hypertension 13 (28) 0 (0) 13 (59.1) <0.001 
Coronary artery disease 5 (13) 0 (0) 6 (27.3) 0.0052 
Chronic obstructive pulmonary disease 5 (11) 1 (4) 4 (18.2) 0.12 
Diabetes mellitus 5 (11) 1 (4) 4 (18.2) 0.12 
Chronic renal failure 4 (9) 0 (0) 4 (18.2) 0.026 
History of stroke 5 (11) 3 (12) 2 (9.1) 0.75 
Dyslipidemia 12 (26) 1 (4) 11 (50) 0.00031 
Tobacco use 23 (50) 10 (40) 13 (59.1) 0.19 
Lee Criteria     
1 32 (68) 23 (92) 9 (41) <0.01 
2 12 (26) 2 (8) 10 (45) <0.01 
3 3 (6) 0(0) 3 (13) 0.055 
Anti-Hypertensive Treatment     
IEC/ARA II 8 (17) 0 (0) 8 (36) <0.01 
Beta Blocker 7 (14) 0 (0) 7 (31) <0.01 
Others 3 (6) 1 (4) 2 (9) 0.47 
     
Duration of surgery (min) 320 [210-450] 325 [225-460] 295 [203-443] 0.66 
Perioperative fluid administration (ml) 4000 [3000-4500] 4000 [3500-5500] 3750 [2875-4000] 0.12 
Perioperative bleeding (ml) 0 [0-300] 200 [0-350] 0 [0-50] 0.049 
Perioperative diuresis (ml) 675 [475-1420] 925 [500-1497.5) 525 [395-925] 0.095 
 
Averages of hemodynamic parameters     
MAP (mmHg) 69 +/- 6 69 +/- 5 70 +/- 6 0.06 
CO (L/min) 5.30 +/- 1.54 5.86 +/- 1.81 4.71 +/- 0.91 <0.001 
SV (mL) 74 +/- 19 77 +/- 24 72 +/- 12 0.01 
HR (bpm) 72 +/- 12 77 +/- 10 67 +/- 12 <0.001 
Peripheral PP (mmHg) 44 +/- 9 44 +/- 8 45 +/- 9 0.59 
Central PP (mmHg) 33 +/- 8 31 +/- 7 34 +/- 8 0.003 
Aix (%) 131 +/- 20 127 +/- 20 135 +/- 21 <0.001 
Ctot (mmHg/mL) 2.43 +/- 0.81 2.61 +/- 0.97 2.23 +/- 0.55 <0.001 
Abbreviations: MAP, mean arterial pressure. CO, cardiac output. SV, stroke volume. HR, heart rate. PP, 






Table 2. Comparison of hemodynamic variations between norepinephrine and phenylephrine in 
the entire population (n=47). 
 All boluses ΔMAP within 10% and 30% 
 Norepinephrine  Phenylephrine  p value Norepinephrine  Phenylephrine  p value 
ΔMAP       
 mmHg 15 +/- 5 17 +/- 4 0.004 14 +/- 3 14 +/- 3 0.16 
 % 22 +/- 8 25 +/- 7 0.002 20 +/- 4 21 +/- 4 0.16 
ΔCO       
 L/min -1.01 +/- 0.62 -1.37 +/- 0.78 <0.001 -1.03 +/- 0.61 -1.34 +/- 0.74 0.003 
 % -19 +/- 9 -25 +/- 10 <0.001 -19 +/- 9 -25 +/- 10 <0.001 
ΔSV       
 mL -11 +/- 7 -14 +/- 9 0.003 -10 +/- 7 -13 +/- 8 0.02 
 % -14 +/- 7 -18 +/- 9 <0.001 -14 +/- 7 -18 +/- 9 0.002 
ΔHR       
 bpm -4 +/- 4 -7 +/- 4 <0.001 -4 +/- 4 -7 +/- 4 <0.001 
 % -5 +/- 5 -9 +/- 6 <0.001 -6 +/- 5 -9 +/- 6 <0.001 
ΔcentralPP       
 mmHg 8 +/- 5 9 +/- 6 0.03 7 +/- 4 8 +/- 6 0.27 
 % 24 +/- 15 30 +/- 20 0.003 21 +/- 12 27 +/- 22 0.02 
ΔAix       
 SU 8 +/- 8 13 +/- 11 <0.001 7 +/- 9 12 +/- 11 0.002 
 % 6 +/- 6 10 +/- 8 <0.001 6 +/- 7 9 +/- 8 0.001 
ΔCtot       
 ml/mmHg -0.69 +/- 0.42 -0.90 +/- 0.51 <0.001 -0.63 +/- 0.42 -0.84 +/- 0.48 0.002 
 % -29 +/- 10 -35 +/- 9 <0.001 -27 +/- 10 -33 +/- 10 <0.001 
Abbreviations: MAP: mean arterial pressure; CO: cardiac output; SV: stroke volume; HR: heart rate. centralPP: 




Table 3. Comparison of bolus effect of norepinephrine and phenylephrine for low and high 
cardiovascular risk patients in the entire population (n=47). 
 
 
Low CV risk patients (n=25) High CV risk patients (n=22) 
 
Norepinephrine Phenylephrine p value Norepinephrine Phenylephrine p value 
ΔMAP       
- mmHg 14 +/- 3 15 +/- 3 0.14 14 +/- 3 14 +/- 2 0.78 
- % 20 +/- 5 21 +/- 4 0.25 20 +/- 3 20 +/- 3 0.51 
ΔCO       
- L/min -1.31 +/- 0.67 -1.6 +/- 0.85 0.07 -0.8 +/- 0.44 -1.03 +/- 0.45 0.01 
- % -23 +/- 8 -28 +/- 10 0.005 -17 +/- 9 -21 +/- 8 0.008 
ΔSV       
- mL -12 +/- 7 -16 +/- 8 0.05 -9 +/- 7 -10 +/- 6 0.3 
- % -16 +/- 6 -21 +/- 8 0.004 -12 +/- 7 -14 +/- 8 0.19 
ΔHR       
- bpm -6 +/- 4 -8 +/- 4 0.009 -3 +/- 3 -5 +/- 4 <0.001 
- % -8 +/- 5 -11 +/- 6 0.009 -4 +/- 4 -8 +/- 6 0.002 
ΔcentralPP       
- mmHg 6 +/- 4 5 +/- 5 0.70 8 +/- 4 10 +/- 5 0.009 
- % 19 +/- 14 20 +/- 25 0.81 22 +/- 10 35 +/- 17 <0.001 
ΔAix       
- SU 9 +/- 7 12 +/- 8 0.09 6 +/- 9 12 +/- 14 0.01 
- % 7 +/- 6 9 +/- 6 0.05 5 +/- 7 9 +/- 10 0.02 
ΔCtot       
- ml/mmHg -0.68 +/- 0.56 -0.8 +/- 0.58 0.32 -0.59 +/- 0.26 -0.88 +/- 0.34 <0.001 
- % -27 +/- 13 -32 +/- 10 0.07 -28 +/- 7 -35 +/- 10 <0.001 
Abbreviations: MAP: mean arterial pressure; CO: cardiac output; SV: stroke volume; HR: heart rate. centralPP: 





Figure 1. Bar-plot representation of relative variations in mean arterial pressure (MAP), stroke 
volume (SV), augmentation index (Aix) and Total Arterial Compliance (Ctot) for norepinephrine 
and phenylephrine bolus injection. * indicates p value <0.05. 
 
 
 
